This paper is the second of a series dealing with the analysis of penicillin by means of a chromatogram using solvent-phosphate buffer partition on a silica base. The first paper (Levi, 1948) described the development of this type of chromatogram which is based on that ofMartin & Synge (1941) , and outlined the principles of its application to the study of penicillin. Biological assay. Two methods of assay were employed: a serial dilution method with Staphylococcus aureus, and a cylinder-plate method with Bacillu8 subtilis as the test organisms. In both cases a sample of calcium penicillin prepared from F4 strain penicillin was used as standard. In the case of the F4 material the activity determined by either method was the same, but with the 832 strain material the activity as measured by the B. subtilis method was significantly higher than when measured against S. aureus.
This paper is the second of a series dealing with the analysis of penicillin by means of a chromatogram using solvent-phosphate buffer partition on a silica base. The first paper (Levi, 1948) described the development of this type of chromatogram which is based on that ofMartin & Synge (1941) , and outlined the principles of its application to the study of penicillin.
The work described was carried out mainly in 1943, and communicated privately to collaborating laboratories in Great Britain and the United States at the end of July in that year. Wider publication was not possible at that time owing to wartime secrecy restrictions. It deals with an examination of the crude penicillin produced by two strains of Penicillium notatum grown under different conditions, and shows clearly that the main active constituents of the two products are different; a fact which was not appreciated until the work was carried out. The further examination of the crude product is also described and shows the existence of still other penicillins. EXPERIMENTAL Material8. Two types of crude penicillin were used. The first was prepared by growing a strain of P. notatum (Imperial Chemical Industries Ltd., ref. F4) Alumina-treated calcium penicillin (8 g., activity 298 units/mg.) wasdissolvedinwater (150 ml.), and, after acidification at 30 to pH 2, extracted into ether (250, 150, 100 ml.).
The solution was run on the top of the column and, after it had sunk in, development was continued with ether until most of the activity, as measured by the optical rotation in 2 dm. tubes, was found in the percolate which was divided into 5 fractions. The penicillin was isolated as barium salt from these by shaking the ethereal solution with a suspension of freshly precipitated BaCO8, filtering, separating the aqueous layer, and drying from the frozen state. The residue on the column was recovered by suspending the silica in water (300 ml.); after stirring for 5 min. the suspension was filtered and the residue washed with water (200 ml.). The combined filtrate and washings were cooled below 50, acidified to pH 2 with H3PO4 and the penicillin extracted with cold ether (250 and 150 ml.). The penicillin was then isolated as barium salt in the same manner as the main fractions. Results are given in Table 1 .
Separation of the penicillin8 in the mixture from F4 8trarn material. Early experiments suggested that the main active fraction obtained in chromatographic analysis (e.g. fractions 2-4 of Table 1 ) might be a doublet in which the slower moving constituent predominated. A consideration of the theory of the partition chromatogram (Lester Smith, 1942; Levi, 1948) .suggested that if a larger band were the upper one it would tend to overtake a smaller one just below and thus render separation difficult. Accordingly column fractions at the head and tail of the main penicillin zone (such as fractions 3 and 5 in Table 1 ) were mixed and analyzed on a column 3-5 x 21-5 cm. made as above from silica (150 g.) and pH 6-5 buffer (70 ml.). The penicillin (3.0 g., activity 166 units/mg.) as calcium salt was transferredto ether (50 + 30ml.) andappliedto the column in the usual way; development was effected with ether (930 ml.). The results are given in Table 2 . Fraction 2 (designated by us Penicillin V), which corresponded in properties with the first runnings from the column shown in Table 1 Penicillin remaining on the first column, such as fraction 6 (Table 1) , was examined on a column of silica (50g.) impregnated with 25 % (w/w) potassium phosphate solution of pH 5-0 (30 ml.) using 1-5 g. of material of activity 36 units/mg. Development was effected with ether (350 ml.). Detailed results are shown in Table 4 .
Partition chromatogram of 832 8train penicillin. N.R.R.L. no. 832 strain calcium penicillin (0.6 g., activity 473 units/mg.) was transferred to ether in the usual way, andapplied to acolumn(3' 55 x 32 cm.) prepared from silica (115 g.) impregnated with pH 6'S buffer (58ml.). After developmentwithether the column was divided mechanically into fractions, and the penicillin was isolated in the usual way. The results are shown in Fig. 1 . Separation of mixed main fraction8 from F4 and 832 penicillin8. Sodium penicillin I fraction from F 4 penicillin, similar to fraction 5 of Table 2 (123 mg., activity 750 units/mg.) was mixed with the calcium salt of 832 penicillin (72 mg., activity 935 units/mg.) prepared as above and transferred to ether (40 ml.), and applied to a column (2.8 x 25'5 cm.) prepared from silica (73 g.) impregnated with pH 6'5 buffer (37 ml.). Development was effected with ether (850 ml.). The results are shown in detail in Fig. 2 .
In order to provide a convenient scale for both column and eluate fractions the distances of movement of the bands are given in terms of their distance from the top of the column at the end of development. For those fractions which were eluted the distance is calculated on the assumption of uniform development in a verylongcolumn. If dcm.
Distance from top of column (cm.) is the distance that such a fraction would have moved from the top of a column of actual length I cm., and v ml. is the volume of solvent required to develop it to the bottom of the column, and V ml. is the total volume of solvent used, then Vl d= v DISCUSSION The behaviour of F4 and 832 penicillins on a phosphate buffer chromatogram differed considerably. The former material gave a series of yellow or orange bands several of which fluoresced yellow or green in ultraviolet light. The main zone of antibacterial activity was rather diffuse, and was preceded by a deep, orange, practically inactive, band associated with the colour reaction of Catch, Cook & Heilbron (1942) and a small zone of weak antibacterial activity. There was also another small antibacterial zone above the main band. Further examination of the main zone revealed that it was composed of two substances of which one was present inconsiderably greater quantity than the other. This we have designated as penicillin I. In order to demonstrate a definite separation from the minor constituent, designated penicillin IV, it was necessary to analyze chromatographically a mixture of the head and tail fractions of the main antibacterial zone since the large quantity of penicillin I relative to penicillin IV in the zone as a whole tended to swamp the latter.
The small zone of antibacterial activity, which came out with the first runnings from the first column, has been shown to be different from penicillin I both by separation from it on a partition chromatogram and by a direct comparison of the effective distribution coefficient of the two substances in bulk. It has been tentatively designated penicillin V.
The antibacterial substance, which remained on the first column, has been shown to be different from penicillin I by the fact that it was firrnly retained on a column which would not retain penicillin I at all. The exact nature of this substance has not been determined owing to the small quantity available, but it is probably the same as the penicillin III which has been recognized in N.R.R.L. no. 1249 strain penicillin (Catch, Cook & Heilbron, 1944; Boon, Carrington & Levi, 1944) .
The penicilin Iisolated by theprocedure described here had a potency of 800-1250 units/mg. and a purity of the order of 60 %. The final purification of this material, by further chromatographic procedures followed by crystallization of the sodium salt, will be described in the forthcoming monograph on Penicillin Chemistry.
The significant difference between the biological activity of N.R.R.L. no. 832 strain penicillin against two different test organisms, when using an F 4 strain standard, suggested that there was probably some difference in the constitution of the two substances. This was confirmed by chromatographic analysis. Not only was the general appearance, in visible and ultraviolet light, different from that of the F 4 strain penicillin, but the main zone of activity was found to be much more compact and to develop more slowly than with the latter material.
Final confirmation was obtained when a mixture of penicillin I and purified 832 penicillin was examined on a further coluimn when a complete separation was observed. We have designated the new penicillin as penicillin II. SUMMARY 1. Partition chromatography with a silica-phosphate buffer-solvent system has shown the existence of five penicillins. % 2. The main antibacterial substance produced by the F4 strain of Penicillium notatum grown on a modified Czapek-Dox medium is penicillin I which is accompanied by small quantities of three other penicillins.
3. The main antibacterial substance produced by the N.R.R.L. no. 832 strain of P. notatum grown submerged in a brown sugar-corn-steep liquor medium is penicillin II different from anyr of the above.
4. There is a differential response oftwo organisms, Staphylococcu8 aureu8 and Bacillus 8ubtili8, to the action of F 4 penicillin and 832 penicillin. Addendum (1947) At the time this work was done in 1943 the chemical difference between penicillins I and II was unknown, and we introduced the system of nomenclature by which the penicillins, as discovered, were given a roman numeral. In modern notation penicillins I, II and III are respectively 2-pentenyl-, benzyl-and p-hydroxybenzyl-penicillin. The exact constitution of penicillin IV has not yet been determined, but the evidence available suggests that it is an isomer of 2-pentenylpenicillin. Penicillin V may be identical with n-heptylpeniciilin.
